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SUMMARY 



This note presents the results of flight pressure-dis- 
triTJution tests on the right upper wing panel of a Douglas 
M-3 airplane equipped with an elliptical tip of length 
equal to the wing chord. 

The results are given in such form that the load dis- 
trihution for any normal-force coefficient within the usual 
range encountered in flight may easily he determined. 



INTRODUCTION 



This note presents the results obtained in pressure- 
distribution t.ests in flight on an elliptical wing tip 
whose length equals the wing chord. This tip is the eighth 
and last of a series under investigation. Results of the 
previous seven tips have "been reported as follows: the 
"Douglas" tip in reference 1; the square tip, "both with and 
without faired end, in reference 2; the semicircular tip in 
reference 3; a modified elliptical tip in reference 4; a 
standard Navy elliptical tip in reference 5; and a modified 
Navy elliptical tip also in reference 5. 

As in previous tests, a rounded tip of the Douglas 
form was used on the right lower panel .below the tip under 
investigation, which procedure did not, as shown by pre- 
vious tests (reference 2), introduce any effect in the re- 
sult s , 

The tests were made at L^tngley Field, Va., by the 
National Advisory Committee for Aeronautics, late in 1931. 
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METHODS AND APPARATUS 



The M-3 airplane that was used in these tests is a 
normal "biplane having, however, an aspect ratio somewhat 
higher than usual. The characterist leg of this airplane 
are given in Tahle I> The shape of the wing tip is shown 
in Figure 1, and the ordinates- of the rih profiles in 
Table II. The Clark: Y section was maintained as closely, 
as practicable throughout the span. 

The wings were rigged with a slight washin, sufficient 
approximately to cancel the torsional deflection at the low 
angles of attack. At the higher angles of attack, this 
rigged washin was not canceled hy the negligible torsional 
deflection, so that a slight twist in the wing was present. 
However, this twist has no noticeable effect at high angles 
of attack, and the results may therefore be considered to 
represent conditions for no twist throughou_t^ the angle-of- 
attack range investigated. 

A portion of the tests was made with the tip covered 
with fabric. The tip was later covered with plywood to 
provide a more nearly perfect shape, because the true pro- 
file could not be maintained near the tip between ribs by 
the use of fabric. 

In other respects the same procedure was used in these 
tests as was used in the previous tests. (Beferences 1, 2, 
5,4, and 5. ) 

All measurements were made in unyawed conditions of 
flight. - . . -. 



PEECISION 



As mentioned In references 1 and 2, the accuracy of 
these tests was maintained at a relatively high level, 
largely because of the installation of all instruments In 
an insulated compartment, which was kept at a constant tem- 
perature. The discussion of precision given in reference 1 
applies to all measui>ement s given, as no changes were made 
in ap^paratus, methods, or procedure. 
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RSSULZS 



Tlae results of the tests made with plywood covering 
showed slight differences from the results ohtained with 
the fahric covering. These differences, however, were 
within the experimental error except, possihly, for rih I" 
for which a somewha't greater difference was apparent near 
zero lift. It is not "believed that the slight differences 
observed are in any case good evidence of true variations 
in the results as caused hy the type of covering. For this 
reason, the results for hoth types of covering have heen 
averaged and are thus presented in Figures 2 and 3, and in 
Tables III and IV. 

The coefficients referred to in the results are defined 
a's follows: 

Wing 0- = w^PS normal force 
q X wing area 

Rib G = rib normal force (per unit span) 
. N . Q, X rib chord 

Rib 0 = moment of rib normal force about li.E. 

q X Trib chordp 

The curves of Figures 2 and 3 were established by a 
large number of points as in Figures 6 and ? of reference 1, 
but the points have been omitted to avoid confusion. Curves 
for the root section were obtained by extrapolating span 
Ojj and span Oj^ curves from considerable data. Owing to 
the extrapolation, the curves do not represent the true 
conditions near the fuselage and in the slipstreami but 
represent more nearly the ideal conditions in which there 
is no effect from fuselage and propeller. 



Langley Memorial Aeronautical Laboratory, 

National Advisory Committee f.pr Aeronautics, 
Langley Field, Va. , November 18, 1932. 
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TABLE I 

CHARACTERISTICS OF DOUGLAS M-3 AIRPLANE 

Type Siplane 

Airfoil Clark Y 

Span (upper and lower) 45. ft. 10 in. 

Chord (upper and lower) ...... 5 f t . 8 in. 

G-ap 6 ft. 0 in. 

Stagger ITone 

e.g. in per cent of chord 29 

Long 

Areas (sq.ft.) Original elliptical* 

Right upper wing, including 

aileron 126.4 123 

Right lower wing, including 

aileron 126.4 126.4 

Total wing area 505.6 502.2 

Horizontal tail surfaces 58 

Vertical tail surfaces 17.7 • 

Weight during tests 4,840 Ih. 

Engine Lilierty 

Rated hp at 1,750 r.p.m 420 

Power loading . . . , . . . . . . . . ' 11.52 Ih./hp 

Wing loading . 9.57 It). /sq.ft. 

t 

*Lef"fc wing panels remained unchanged. 



TiBLE II 



OQMPARISOir O? SPECiym) and MSASUEID OEDIHjilllS OF PEESSUES HIBS 

^Iioner llll-ntical Tiv'i 



Station 

in 

chord 



Clark T 



Hit E 



Hit E 



Upper Loper Utrper 



lower iUppBr iLo^er 



Upper Lover 



XSvDQT Lower 



Uxrper 



Lower 



UT)T)er Lower 



Upfper [Lower 



4- 



.00 
1.25 

2^50 
5.00 
7.50 
10-00 
15-00 
20.00 
30.00 
40.00 
50.00 
60,00 
70.00. 
80.00 
90.00 
95.00 
100.00 



3.50 
5.45 i 
6.50 
?.9Q 
8.85 
9.60 
10. 685 
11.36 
11.70 
11,40 
10.515 
9.148 
7*35 . 
5!.216 
2,802 
1.4941 
»12 



3 
1 

1.46^ 6.5S 



;.50 
L.93 



.933 
.629 
.42 



3.40 
5.47 



7,90 
8.82 
9.65 



.15 jIQ.61 
.033{11,.21 
.00 ill. 67 



.00 



11,30 



.00 



.00 10^48 



9^9 



OQ i 7.351: 



.00 
.00 
.00 
.00 



5-3^ 
2.90 
1.65. 
.37 



3.40 
1.84 
1,29 
,B7 
.51 
,41 
.18 
.05 
.00 
.00 
-.00 
.00 
.09 
.00 
.OQ 
>00 
,00 



3.49 
5.56 
6.52 
8.0Q 
9.05 
9.74 
10. 76 
11.26 
11.73 
11.36 
.10.48 
9.19 
7.36 
5.33 
2.80 
1.52 
.23 



3.49 
1.93 
1.47 

.65 
.46 

.28 
.09 
.00 
.00 
,00 
-.05 
.00 
,00 
-,05 
-.09 
-.23 



3,36 
5,34 
6.38 
7,30 
6.91 
9.65 
10.67i 
11.2^ 
11,81 
11.40' 
10.58' 
9.42 
7.68. 
5.65. 
3,31 
2.02 
,74 



.36 
.79 
.33 
_ ^3 
.28 
.32 
.14 
.05 
.00 
.05 
.03 
.09 
,09 
.18 
.23 
.14 
.00 



.il 



3,44 
6,47 
6.43 

7 m&J 

8.74 
9.54 
10.60 
11.29 
11.58 
11.23 
10.35 
9.07 
7.31 
5.12 
2.72 
1.46 
.15 



3.44 
1.85 
1.42 
,92 
-64 
.44 
.15 
.02 
.00 
vQB 
.05 
.05 
.06 
.06 
.00 
.00 
.00 

I I 



3.58 
5,67 
6.49 
7.78 
8.77 
9,51 
10,50 
11,17 
11.53 
11.27 
10.45 
9.06 
7.26 
5.19 
2,79 
1.54 
.26 



3.58 
1.87 
1.41 
.93 
,65 
.43 
.17 
.00 
.00 
.00 
.05 
.05 
.05 
.09 
.12 
.12 
.07 



3.65 
5,30 
6.28 
7.72 
8.70 
9,46. 
10.48 
11.16 
11.73 
11.28 
10.37 
9.01 
7.06 
4.92 
2.50 
1,23 
,1 .15 



3,ffi 
2. 01 
1.51 
.95 
.53 
.32 
.15 
.06 
.00 
.00 
.00 
.02 
.00 
.00 
.00 
.00 
:-.04 



'I 



3.52 
5.69 
6.48 

I • > Mr 

8.76 
9,48 
10.62 
11,24 
11.58 
11.27 
10.34 
9^00 
7.28 
5.,17 
■ 2.55 
1.38 
h .14. 



3.62 
1.83 

1.31 

.69 
.48 
.21 
,10 
,00 
.00 
.00 
.00 

■ .00 
.03 
.00 
.00 

, .00 



STote: All ordinates ^iTen are in per cent of chord. 
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TABLE III 
COOEDINATES 0? OUSVBS OF PI&URE 2 



Wing 


Ril. 0^ 




Root 


X 


A 


B 


0 




E 


1 


0 


O'.OOO 


0.000 


0.000 


0.000 


0.000 


0.000 


0.000 


0.000 


.1 


.120 


.115 


.100 


.083 


.083 


.081 


.076 


.050 


.3 


.239 


.228 


.200 


.166 


,168 


.162 


.154 


.104 


.3 


.358 


.340 


.300 


.248 


.251 


.243 


.233 


.165 


.4 


.476 


.452 


.400 


.330 


.335 


.325 


.315 


. .230 


.5 


.595 


.566 


.500 


.412 


.420 


.405 


.396 


.308 


.6 


.713 


.67 9 


.600 


.495 


.503 


.487 


.478 


■ .392 


.7 


.833 


.794 


.700 


.578 


.588 


.569 


.560 


.484 


.8 


.951 


.908 


.800 


.661 


.672 


.651 


.645 


.581 


.9 


1.070 


1.020 


.900 


.744 


.756 


.7 31 


.729 


. 684 


1.0 


1.187 


1.134 


1.000 


.827 


.842 


.813 


.815 


.795 


1.1 


1.306 


1.247 


1.100 


.910 


.926 


.896 


.902 


.911 


1.2 


1 . 421 


1.360 


1.200 


.994 


1.010 


.980 


.995 


1.035 


1.3 


1.532 


1.472 


1. 300 


1.076 


1.094 


1.065 


0.092 


1.164 


1.4 


1.640 


1.583 


1.400 


1.158 


1.178 


ljl55 


1.195 


1.300 


1.5 


1.740 


1. 690 


1.500 


1.240 


1.261 


1.2 50 


1.30 5 


1.440 

t 


1.6 


1.836 


1.795 


1.600 


1.321 


1.345 


1.351 


1.425 


1.582 
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TABLE IV 

COORDINATES OP CURVES OF PI&URE 3 



EilD 






Eib 


Cm 














Hoot 


A 


A 


B 


C 

..— ...a... — 


V 


*Rl 

E 




0 


n /*\ n *i 

-0 .071 


-0.068 


-0 .074 


-0.073 


-0.0 68 


-0 . Q68 


-0 .057 


-0.048 


• J. 


• U »ft 


— . U 3 V 


-.096 




.092 




,089 


— . \J O f 


_ O 7 7 


Ml 


.068 


o 
. o 


" . ± X o 


— . X ± O 


-.118 




.112 




.110 


— . O 


— . V oO 




.091 


rz 

. o 


• J. 4a 


— .AO' 


- .141 




,132 




.131 


— , A o O 


— • A aVJ 


mm 


.117 


/I 

. t 


~ . 1 OD 


— . J. OU 


- .164 




.153 




.154 


— . A* f 


— . A tt 


mm 


,147 


• b 


. loo 


— . 1 O <fc 


.187 




.174 




.176 


— • A f J. 


— , A D y 




.179 


. O 


— . «dl«3 


— . 3Uo 


-.209 




.196 




.199 


— . xy* 


— . A y 0 




,213 




•* . <50D 


— • id «5o 


- ,232 




.217 


_ 


,222 


— . US A y 


— mlSlilO 




.249 


Q 
• 0 


_ 5 KQ 
— • <50» 




-.254 




.238 




,246 


— . eS'fx 


— . iS ou 




.286 


Q 


? Q I? 


f5 Q 
— .(dry 


-.277 




9 fin 

. lO Ow 






O RQ 
— , <3 pO 


O 7 Q 

— . o f y 




, Om^K 


1 r» 
J. • U 




— . owe 


-.299 




.281 




.293 


— , IS 9 O 


nn Q 

— . 0\J O 




.363 






— » o<o o 


- . 321 




.302 




.315 


_ "IT Q 
. OJ. O 


— • O O ' 




.40 3 


1.2 


-.353 


-.349 


- .343 




.323 




,337 


-.344 


-.367 




.444 


1.3 


-,376 


-.372 


-,.363 




.344 




.357 


-.369 


- .398 




.485 


1.4 


- .400 


- .395 


-c384 










- .394 


.428 




. 526 


1.5 


- .424 


-.418 


-,404 
















. 568 


1.6 


-.447 


-.441 


-■.423 
















.610 


1.7 


-.471 


»- .463 




















1.8 


-.494 


- .485 










4P 











1 chord 2> 




Jig.l M-3 wing with pressure ribs and orifice locationB* (Long allipUcal tip) 
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